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(57) The present invention provides a resin compo- 
sition having excellent flame retardancy without usmq 
any halogen-containing flame retardant. and prepregs 
and laminates using such a res.n comoosition. More 
soec.fically, the present invention provides a flame-re- 
tardant res.n comoosition comprising as essential com- 



ponents (A) an eooxy resm, (B) a cunng agent and (C) 
a phosonorus compound containing at least as part 
thereof a onosphme oxide compound, a preoreg pro- 
duced by imoregnating this flame-retardant resin com- 
oosition ,n a fiber oase. and a laminate Droouced by not- 
Dressing a single sheet or a pile of two or more sneets 
of the oreoreg. 
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Description 

[0001] The present invention relates to a resin corrtDosition having excellent flame retardancy with no naiogen-con- 
taining flame retardant incorporated, and preoregs and laminates using sucn a resin composition. 

5 [0002] Owing to their surpassing prooemes. therm osettfhg resins reDresented by eooxy resins are prevalently used 
for electrical ana electronic macnine Darts, and in many cases these resins are provided with flame retaraancy for 
securing safety against fires in use. Conventionally, the resins nave oeen maae flame-retardant by incorporating a 
halogen-containing comoound sucn as orominated eooxy resin. Although sucn nalogen-contaming comoounds have 
high flame retardancy, aromatic bromine compounds nave the prooiem that they not only release corrosive oromine 

*o anc hyorogen oromide in the course of pyruiysis out also have a possiuility of forming fijQhfy toxicant pciyorcmcdiben 
zofuran and ooiydibromoDenzoxine wnen aecomoosea in the presence of oxygen. Further, great difficulty comes in 
disposing of suDerannuatea wastes containing bromine. For these reasons, study is now being made in earnest on 
use of onosphorus ana nitrogen comoounds as well as inorganic fillers as a flame redardant in place of the conventional 
bromine-containing ones. 

15 [0003] As mentioned aoove. flame retaking of resins can oe realized by making use of a phosphorus ccmoouna. a 
nitrogen cc.npound ana an inorganic filler. This is oasea on the conceal that the nitrogen ana onosonorus camoouncs 
accelerate caroonization or a resin to crevent tts comoustion, wnile the inorganic fillers help to reduce the amount or 
a comoustible resin ov u eir addition, consequently mawng the resin tess comoustible. inorganic fillers sucn as metal 
hydroxides release wc. ;r wnen burnea to lower temoerature and thereby prevent comoustion. it has oeen Known in 

20 the art. as disclosed in or instance *P-A-10-195178 and JP-A-10-i 66501 , :o render resins flame-retaraant cy incor- 
porating a pnoschorus comoouna ana a nitrogen comoouna along with an inorganic filler instead of using a nalogen 
compound, and oreoregs and laminates using sucn resin compositions have oeen put to oracticai use. 
[0004] The circuit-ooard manufactunng process involves vanous cnemical iiauid treating steps. In the cesmeanng 
step, for instance a basic comoouna sucn as sodium nydroxide is reauired. while use of an oxidizinq ccmoouna s 

25 essential for the aiackening treatment. Phospnorus comoounas sucn as onospnonc esters, which are commonly used 
as a flame retaraant, have the prooiem that they tend to react with the aoove-mentioned treating comoounas :o give 
rise to difficulties. 

[0005] As a pnoschorus compound reactive with epoxy resins and eooxy resin curing agents, other than pnosphcric 
esters, there is known 9,l0-dihyaro-9-oxa-l0-phosohapnenanthrene-l0-oxide (produced and sold unaer the trade 

30 name of HCA by Sanko Chemical Co.. Ltd.). (See, for example, JP-A-11 -124489 and JP-A-2000-7898V HCA is hardly 
hydrolyzable and has excellent chemical resistance, but it is highly reactive with epoxy resins, so that wnen HCA alone 
Is used as a pnospnorus comoound, its content must be increased and the reaction prcceeas in the stale of pre-cunng 
varnish with an eooxy resin, and hence the final product sucn as a laminate may not oe orovidea with the aesired 
proDerties sucn as soiaenng heat resistance. 

35 [0006] The oresent invention has oeen acnieved in the course cf studies 'or solving the aoove orooiems. and it 
provices a resin comDosition naving exceilenrcnemicai resistance ana flame retaraancy oy using a pnoscnine oxiae 
comoouna with a low tenaency to nvaroiyze as a cnosonorus-comaining rlame 'etaraant. t is aiso envisagea in the 
present .nvention to orovice oreoregs using the resin comoosition ana "ame-retarcant laminates ccmcnsing sucn 
preoregs. 

40 [0007] Specifically, the oresent invention orovides a flame-reiaraan; resin comoosition ccmonsing as essential com- 
ponents (A) an eooxy resin. ;B) a cunng agent, and (CI a onosonorus comoouna containing at least as a car thereof 
a onoschine oxide comoouna. The oresent invention also orcviaes a oreoreg ootamed Ov ! mDregnating tre larre- 
retaraant resin composition m a case, ana a flame-retarcant 'aminate or a ccocer-ciad flame-retarcant iam'nate crc- 
aucad by not-oressing a single sneet cr a oile of two or more sneets or the oreoreg. 

J 5 [0008] As -e^'O^ec aoove the accea tvoe orcsononc asters general usee as a orosc^onc f !ame 'etarcant, suc^ 
as tnonenyi oncsonate and cresyi cicnenyi cncsonate. are easily nvcroiyzec ana :ena *o oe eiutea n a cnemical 
solution, 'herercre. resin compositions comprising sucn comoounas as a flame retarcant nvoive orooiems n :neir use 
for ! aminates. 

[0009] The onoscnme oxiae comoounas are iess susceotibie to nvarcivsis as :ney ^ave D -C bones. ~hese ccm- 
50 pcuncs. therefore, unnke :ne oncsononc esters naving P-G oonas. nave surpassing cnemical resistance. Aiso. they 
snow satisfactory flame retaraancy ov accition or onty a small auantirv cecause or mgn onosonorus content. 
[0010] Generally, onosonorus comoounas are nygroscooic. so that too mucn loading of a Dnosonorus comoound 
gives aaverse effects to moisture resistance ana otner properties of the curea r esm comoosition. ,n contrast, onoscnme 
oxiae comoounas nave a -estrainea tenaency to nyaroiyze ana Sow nygrcsccoicitv. t :s aiso nctaole that use of a 
55 novoiaK eooxv resin ana a novolak resin as a curing agent makes it oossiole to orovice satisfactory flame -etarcancy 
of tne comoosition by acditicn or a smaller amount of onosonorous comoouna than -eauirea m the conventional an. 
because these resins nave a mgn content of oenzene rings ana are tnererore n :jn ;n neat resistance ana flame retar- 
aancy. 
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[0011] Thus, the flame-retardant resin composition according to the present invention is characterized by use of an 
epoxy resin and a cunng agent with high heat resistance and use of a phosphine oxide compound as a flame retardant 
to realize satisfactory flame retardancy and chemical resistance of the composition without using a haJogen compound. 
[0012] Examples of the epoxy resins (A) usable in the present invention include bisphenol A epoxy resins, bisphenol 
F epoxy resins, phenolic novolak epoxy resins, cresol novolak epoxy resins, and bisphenol A novoiak epoxy resins, 
and are not limited to these epoxy resins. It is also possible to use two or more different types of epoxy resins simul- 
taneously. t 
[0013] In view of heat resistance, it is preferred to use the novolak epoxy resins with a high benzene nng contem 
and high heat resistance, especially pnenolic novoiak epoxy resins and cresol novolak epoxy resins. Trie phenolic 
araikyl epoxy resins represented by the following formula (1 ), the naphthalene araikyl epoxy resins represented uy the 
following formula (2) and the biphenyl-modified epoxy resins represented by the following formula (3) are also preferred, 
as these resins have a high content of aromatic rings and are small in ratio of DOlar groups, and hence hign in heat 
resistance and capable of reducing water absorption of the composition: 



15 
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25 
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0 
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wherein n is a natural number. 
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[0014] In the present invention, the above type of epoxy resin is preferably used in an amount of at least 50% by 
weight of the whole epoxy resins for providing the desired improvement of heat resistance ana flame retardancy 
[0015] As the cunng agent used as component (B) in the present invention, novolak resins, amine compounds, acid 
anhydrides and the like can be used. Novolak resins are preferred, as they have high heat resistance and allow re- 
5 duction of the amount of the phospnorus compound to be added. Phenolic novolak resins and phenolic aralky! resins 
are usually used. Use of a tnazine-modified novolak resin represented by the following formula (4) is preferred, as 
flame retardancy is further improved by the presence of tnazine nng which is a nitrogenous component 




wherein R is NH 2 , alkyl group or phenyl group; and m and n are each a natural numoer. 

20 [0016] In view of the fact that a phosphorus compound is contained in the composition, the nitrogen content is oref- 
eraoiy selected to be 2.5 to 4% by weight per 100 Darts by weight of the epoxy resins, cunng agent ana pnosDnorus 
compound combined, if the nitrogen content is less than 2.5% by weight, desired flame retaraancy may not be ootamed. 
and if it exceeds 4.0% by weignt, the Droduced composition tends to have too hign hygroscopicity. 

^roiin/< raemc ranrocontoH h\i tho fniiowmn formula the naDhthalene araikvl resins reore- 

25 sented by the following formula (6), the bipnenyl-moaified novolak resins representee by the following formula (7) and 
the toluene-, xylene- or mesttylene-modified novolak resins represented by the following formula (8) are also preferred 
for use in the present invention, as these resins have a high content of aromatic nngs and are small in ratio of ooiar 
groups, and hence high in heat resistance and conducive to the reduction of water absorption of the composition: 
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wnerein n is a natural numoer. and 
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(8) 



wnerein m and n are each a natural number, ana t is a numoer of 1 2 or 3. 

[0018] ;n case novotaK resins are used as curing agent (3). it is creferapie to use a combination of (a) a tnazme- 
13 modified novolak resin of the formula (4) and (b) ai least one memDer selected from the group consisting of cnenolic 
aralkyi resins of the formula (5), naphthalene araiky! resins of the formula (6), oionenyl-modified novoiak resins of the 
formula [7) and toluene-, xylene- or mesrtylene-modifiea novoiaK resins or the formula (8), as this combination cf no- 
volax resins nas hign heat resistance ana excellent flame retaraancv. "Tie oreferrea fa)/(b) ratio is 60/40 to 20/80 ;n 
view of tne aoove properties. 

20 [0019] When novolak resins are used as a cunng agent, the ratio cf novoiak resins to eooxy resins is preferably 
0.8-1 .2 in terms of equivalent ratio ^pnenoiic hydroxy! grouo/epoxy group). If this ratio s outsiae the apove-aefined 
range, the free epoxy groups or phenolic hyaroxy! groups remain in the composition to give adverse effects to ts neat 
resistance ana water absorption. 

[002Q1 in rhe nresent invention a pnosohme oxide compound (C) is used as a ohcsonorus compound acting as a 

25 flame retardant. Phospnine oxide compounds are naraly hyoroiyzea ana have nign chemical resistance. Typical ex- 
amples of such phospnine oxide compounas are tnphenyipnosonine oxiae ana tncresylpnosphme oxice. Use cf 9. 1 0-di- 
hydro-9-oxa-iO-phosonaonenanthrene-tO-oxide (HCA), a onospnoms compound wnicn, like said onosonine oxide 
compounds, is hardly hydroiyzed and has high chemical resistance, in combination with said pnosphme oxice com- 
pound is a preferred embodiment of the present invention. 

30 [0021] In the present invention, the phospnorus content provided by the chospnorus compounds sucn as pnosohme 
oxide compound (C) is preferably 0.5 - 3% oy weight per :00 pans Dy weignt of the eooxy resins, curing agent and 
pnosonorus compounds combined. !f the onosonorus content is less than 0.5% by weight, desired flame retardancy 
may not be ootained. ana if it exceeds 3.0% by weignt. the croauced composition tends to nave too hign nygroscccicity. 
[0022] The flame-retardant resin composition of the present invention comprises as its essential components an 

35 epoxy resin, a curing agent and a ohosphorus compound functioning as a flame retardant as mentioned aoove. but it 
is possible to aad other types of eooxy resin and curing agent, or other types cf resin ana curing agent, curing accel- 
erator, coupling agent cr other necessary components within limits not oreiuaiciai to the ooject or the oresent invention, 
n the present mention, however, t is oreferrea not to aad cnosononc esters so as net to detenorate tne innate crco- 
en:es. especially cnemicai resistance, of the resins and laminates. According to the present invention, excellent rlame 

-to retaraancv can oe r eaitzea aithougn no onosononc ester is contained in the composition. 

[0023] The '!ame- r etarcant resin composition of the oresent invention fines various ways cf utilization, n case the 
ccmcos.ticn .3 .mcrecratec in a fiber case. ;! is usuaily usea n the term cf a varmsn creoarec by dissolving the com- 
position in a solvent. As the solvent, there is usually usee one naving a nign caoapility to dissolve the ccmccs;t:cr. out 
use of a coor soivent ;s net exciuaea as far as it does not cause any acverse effect. 

■ts T00241 ~ u e va rr, !sr cctared cv cisscivrg t H e "are- r etaroa r t ^esin composition cf f he present nvent'O" n a solvent 
mav ce acciiec on or impregnated ;n a base sucn as woven glass ''aonc. non-woven glass fabric, cr woven :r non- 
woven 'acnes mace cf other matenais than glass r'iber anc cnea at 30 to 200°C to make a Dreoreg. Sucn a crecreg 
mav pe n ct-cressea to crccuce a laminate or a cocper-ciaa laminate. ~he rlame-retarcant resin composition according 
to tne cresent nventicn is a thermosetting resin composition -aving outstanding flame retaraancv without containing 

50 any ~aicgen compound, ana is especially suitec 'or use as a case material of creoregs ana laminates icr enntea circuit 
ocarcs. 

[0025] ~he cresent invention will be aesencee in rurther cetaii ceiow with reference to tne examoies tnerec 



Example * 



[0026] 1 00 carts cy weignt of a pnenonc novoiak epoxy resin ;Eoic:on N-770 oroaucea by Oaimooon nK ana Chem- 
icals, inc. i, 4S oarts oy weign ;f a cnenolic araikyi resin .Milex XLC-LL proaucea by Mitsui Chemtcai Co.. _ta.;. 31 
parts cy weignt cf a traz-ne-mc Jified cnenolic novotaK resin ( LA-7C54 oroauced bv Oainippon ink ana Chemicais nc.) 
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and 40 oans by weight of tnpnenylphosphme oxide were dissolved in methyl cellosotve to prepare a vamish with a 
nonvolatile concentration of 60% by weight. The vamish had a phosphorus content of 2.0% by weight and a nitrogen 
content of 1 .7% by weight per 1 00% by weight of the epoxy resin, cunng agent and phosphorus compound combined. 
[0027] This varnish was impregnated, in an amount of 80 parts oy weight as solids, in 1 00 parts by weight of a woven 
5 glass fabnc (0.1 8 mm thick, manufactured by Nitto Boseki KK) and dned in a 150 # C drying oven for 5 minutes to make 
a preDreg wrth a resin content of 44.4% by weight. 

[0028] 6 sheets of this prepreg were placed one over another, with a 35 urn thick electrolytic copper foil placed on 
the top and at the bottom of the pile, and subjected to hot compression molding under the conditions of 40 kgf/cm 2 
ana 1 90 a C for 120 minutes to obtain a 1 .2 mm tnick double-side copper-clad laminate. 

10 

Examples 2-6 and Comparative Examples 1-4 

[0029] ~he resin compositions of the formulations shown in Table 1 (Examples) and Table 2 (Comparative Examples) 
were dissolved in metnyi cellosolve to prepare varnishes with a nonvolatile concentration of 60% by weight. Thereafter 
15 the same Drocedure as in Example 1 was repeated to make double-side copper-clad laminates. 

[0030] Flame retardancy, soidenng heat resistance, copper ton peel strength and cnemical resistance of the obtained 
copper-clad laminates were determined. Results of evaluation are shown in Tables 1 and 2. Determination of the above 
properties was made as descnbed below. 

20 i . Flame retaraancy 

[0031] This was evaluated by the vertical flame method according to UL-94 stancards. 

25 

[0032] This was determined according to JiS C-64S1. Each test piece, which had been subjected to a moisture 
absorbing treatment by 2-hour boiling, was immersed in a 260°C solder bath for 120 seconds and examined for ab- 
normality of external appearance. 

20 3. Copper foil peel strength 

[0033] This was determined according to JIS C-6481 . 

4. Chemical resistance 

35 

[0034] Per cent loss in weignt after * 0-minute immersion in a 20 wt% aqueous solution of sodium hydroxide of 80°C 

(a) ana per cent loss in weignt after 96-hour immersion in a 20 wt% aqueous solution of ootassium oersulfate of 70°C 

(b) were determined. 
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Notes in Tables 1 and 2: 



[0035] 

5 1) Eoiclon N-770 produced by Daintppon Ink and Chemicals, Inc.. epoxy equivalent: 190 

2) Epiclon N-690 produced by Dainippon Ink and ChemcaJs, Inc., epoxy equivalent: 210 

3) E3N-155 produced by Shin Nittetsu Chemical Co.. Ltd., epoxy equivalent: 275 

4) NC-3000P produced by Nippon KayaKu KK, epoxy equivalent 275 

5) Milsx XLC-LL oroduced bv Mitsui Chemical Co., Lid., hydroxy equivalent: 175 

w 5) LA-7054 produced by Dainippon Ink and Chemicals, Inc., hydroxy equivalent 1 25; nitrogen content: 1 2 wt% 

7) PR-51470 produced by Sumitomo Durez Co., Ltd., hydroxy equivalent: 105 
3) R-54537 produced by Sumitomo Durez Co.. Ltd., hydroxy equivalent: 190 
9) 9,1 0-aihydro-9-oxa-10-onosDhapnenanthrene-i0-oxide 

15 [00361 As seen from Tables 1 and 2. any of the copper-dad laminates obtained in the Examples has excellent flame 
retaraancy soldenng neat resistance and chemical resistance. 

[0037] As described aoove. the flame-retardant resin composition according to the present invention, without con- 
taining any halogen comoound. has surpassing flame retaraancy and also excels in other prooerties sucn as neat 
resistance Thus, the oresent invention provides a novel thermosetting resin composition usefui as a naiogen-rree 
20 material wnicn is expected to rise in demand in the future. The ore D regs and laminates produceo from the aoove resin 
comoosition, and the pnnted circuit boards comprising such laminates, are also excellent in not only flame retardancy 
but also other properties such as soldenng neat resistance. 



25 Claims 

1 A flame-retardant resin composition comprising as essential components (A) an eooxy resin, (B) a curing agent, 
and (C) a phosphorus compound containing at least as a part thereof a phosphine oxide compound 

30 2. A flame-retardant resin composition according to Claim 1 , wherein part or whole of the epoxy resin (A) is a novolak 
epoxy resin. 

3 A flame-retardant resin comoosition accoraing to Claim 2. wherein part or whole of the apoxy resin (A) is a cnenolic 
novolaK eooxy resin, a cresol novolak eooxy resin, or a mixture of a phenolic novolaK epoxy resin ana a cresol 

25 novolaK eooxy resin. 

4 A f'ame-retaraant resin comoosition accoraing :o Claim 1 . wnerem oart or wnoie of the eooxy resin (A) is ax 'east 
one ^emoer selected from the grouo consisting of onenoic araikvi eooxy resins representea by the rcrmuia ( ,). 
naontnaiene ara.kyl eooxy res.ns presented by me formula (2) ana oipnenyl-modified epoxy 'es.ns representee 

*o oy the formula (3): 
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wnerem n is a natural numoer, 
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wherein n is a natural number, and 




wherein n is a natural number. 

A flame-retardant resin composition according to Claim 1 , wherein part or whole of the cunng agent (B) is a novoiak 
resin. 

A flame-retardant resin composition according to Claim 1 . wherein Dart or whole of the cunng agent (B) is a tnazine- 
modified novolaK resin represented by the formula (4): 



R 




wnerein R is NH,, aikyl grouD or onenyi group; and m ana n are eacn a natural rtumoer. 

A flame-retaraant resin comoosition according to Claim 1 . wherein cart or whole of the cunng agent (3) is at least 
jne memoer selected from :he grouo consisting of phenolic araikyl resins presented by the formula (5), napn- 
:naiene araikyi resins presented by the formula (6), biDnenyl-modifiea novoiaK resins reDresentea by the formula 
■ 7) ana toiuene- xylene- or mesityiene-moaifiea novoiaK resins represented oy the formula [BY. 
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wherein n is a natural number, 




wherein n is a natural number, 




wherein n is a natural number, and 




wherein m and n are each a natural number, ana t is a number of 1 , 2 or 3. 

8. A f lame-retaraant resin composition according to Claim 1 , wherein a tnazme-moaified novolak resin of the formuia 
A\ ana at .east one resin seiecrea from Dnenonc araiKyi resins of the formula (5). napnthaiene araikyi resins of the 
; ormula (6), bionenyi-mooified novolak resins of the formuia (7) and toluene*, xylene- or mesitylene-mcdified no- 
volak resins of the formula (8) are used in combination as the cunng agent. 

9. A flame-retardant resin comDosrtion according to any one of Claims 1 to 8. wnerem the ohosohme oxice comoound 
s tncnenyiphosDnine oxide. 

10. A flame-retardant resin composition according to Claim 9. wherein 9,10-aihydro-9-oxa-i0-onosphaphenanthrene- 
10-oxide is contained as part of the pnosphorus compound (C). 

11. A orerjreg obtained by impregnating a flame-retardant resin composition as set out in iny one of Claims 1 to 10 
m a fiber base. 
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12. A laminate characterized in that a single sheet or a pde of two or more sheets of the prepreg as set out in Claim 
11 is hot-pressed. 

13. A copper-clad laminate characterized in that a single sheet or a pile of two or more sheets of the prepreg as set 
5 out in Claim 11 is hot-pressed. 

w 
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